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71383 CATALYST COWVPOSI TI ON FOR ALKENE OLI SATI ON

AND OLlI GOVERI SATI ON This invention.relates to,a novel

cat af yst conposition and to its use in the oligonerisat i on and

co-of i gonerisation of one or - nore al kenes, in particular alpha

al kghes. More in particular, the -invention relates to the

ol i goneri sat.ion and co-oligonerisation of 5 &t hene. L

Pol risati on processes of olefins, including al kenes, such T 183%s the
production of pol yethylene from et hene, whereby sol uble cat al yst
systlens of the Ziegler-Natta type are used, are well known. In

partf cul ar, oli gorre%éﬂﬁ?ncﬂf&&% Fg} ALKHRE OHLEIMERISATHONQ hi gher

ol eff ns are al so wel |l known. afmicoeoraepherIshiton GB- A- 1353873 : it is
kno that CJerr]-Clerr] linear al pha olefins can be prepared from

et hgne by oligonerisation in the presence of a nickel containing

cat ol yst. The proHitinvemsdn fdlalbes aochimseli catpdyst evhpositbas@nd to
haviing 6-10 garbon af ofF o135Snd I AR JHPTBIS A3nLSLEEAIR! &5 1) 15 the
preparati on oF° d8tef gents, i cant I t1Tves=and pol'yo I NS.

Howgver, themaxej gblnsmelssatn @nrti@aéar mipbdl sadkpmmuliese Ilesmarticularvatheabl e

product s, Sugleailh8idels obokins1 AR AREHE dnd! & oifgonerisadlOdl O of i NS

havijng nu r of carbon atons outside the range of 6-24. By further
prodessihg, eHe®e- by-products can be converted to 20 t he deS| red |inear
al phja ol efins. PolymerlsatloEFbﬁcQQJJsoes GRd ifd- An@ﬂ]d?ﬁ@‘hllkehﬁh disGen ose

cat Iyst sjtions rsa ona i/ rlsatlon of
ol efins, conpti @F:@“&‘“&B’rﬂﬂ ﬁgtq%ﬁe ?%ﬂ" o E'Fr?/cﬁ"‘(!o i
bi s(lcycl opentacilgsy |systémmiofinthez Zieglervliaua tm:fmaucnu;edpmdwéza
contjai ni ng 23RSt YEPE: MILEN d13sMerICLELn! frdddesdP b2 1ARY MUsGhs co
10 higher olefins are also well known. For example, from GB-A-1353873
it is known that C4 C20 linear alpha olefins can be prepared from
ethene by oligomerisation in the presence of a nickel containing
catalyst. The product linear alpha olefins, in particular those
having 6-10 carbon atoms, are in great demand as intermediates in .
15 the preparation of detergents, lubricant additives and polyolefinsL
However, the oligomerisation reaction also produces less
valuable products, such as internal olefins and branched olefins
and olefins having a number of carbon atoms outside the range of
6-24. By further processing, these by-products can be converted to
20 the desired linear alpha olefins.
EP-A-0277003 and EP-A;0277004 both disclose catalyst
compositions for the polymerisation and copolymerisation of
olefins, comprising a combination of a first component which is a

bis(cyclopentadienyl)titanium, zirconium or hafnium compound
25

containing a substituent which is attached to the metal and which
is capable of reacting ﬁith a cation; and a second component which
is a compound having a bulky and labile anion which is
substantially non-coordinating under the reaction conditions and a
i cation, capable of donating a proton. The two cyclopentadienyl

30 groups may be substituted. The products according to these




\pabl e of reacting with a cation, and a second conponent whi ch S

ac ound having a bulky and | abile anion which is substantial ly
nen-goordi nati ng under the reaction conditions and a cation, capable
of nating a proton. The two cycl opentadi enyl 30 groups may be
subsgituted. The products according te Zhese

-2- docunents are true {)ol ynmers, having a nol ecul ar wei ght of above
100000 ( whenSeRNmeRRs i@ F¥ie Re Eeaﬁpl@y}ns @oMcleguban [Weightp of aboveattention
is fdayed to poomoer ties wWhidhiaé® inMBQ ERsples) 0|03fxéé]§1entl , mBaving a number
of rbon atoms of less than 30, such as |ipearit and_t.he position
of the doubl °1§&H#en 1s payed to Pﬁ?@‘*’b"ﬁﬁe‘fﬁ"cﬁpﬁ‘ﬁ &é vtanponobefi®s86 and
non-fpr epubl | Béeithg a numbEHrafpearbdnahediis é@pleseathaam@ZzGé’B&]s 2idwakbeyli scl ose
met ods ;or d thel ho%].%%or?'calfgghne“ sgl;e ‘_pf ethene with at | east one other
al p orefin € presence o a cat al yst conposition as broadly 10
descy i bed above Tht cnrespnoi@pbicadnot 1 EFFAtHé 3684 lang envinadi epwpll i shregiups

may pe subst gtuedn ﬂ;lzenerﬁfp@uaeaoarﬁz@@m mea' aiga@séqﬂ%&ytﬁ%@

ligand pair 1s bis-pentnethyl cycl opentadi eny pr oduct ol i goners
stil] contai fr% cgubg‘tgéﬁﬂlaﬁatb?fbmfrEFl'lfﬁ‘eo‘f“thhétI1€§§"- one othez| aktllae br anched
ol efy ns and bréAnnsh t(hbeﬂcaiad!;%nc&5f a catalydt c&@;&as\r;\lgw:bagmﬁo@ﬁnﬁlf t hﬁt

cata ys oSi_t. s.as describ erein e of the two
cyci el ad Berrpediabape RoeFe i Sng o bodh BF ene BE R ArERI LBy ot 5

hydr car bon sapdei suhsm:tsutemon&e prefenrkdvdmdchnlyseaempad.lﬁech tsabsdizuned al , t he

t ot nunber t.S Pﬁ: n ticularly
usef int héP%lnlﬁgg%r ?‘ggﬁ oﬁel}%"eth %o nlggai?err%?l 2%‘?. ?Eet hene and
ot he I ower eliesness tsyikl gieafain a Suhﬂtﬁelﬁﬂéé PW‘POFHBRH Plﬁeshﬁaﬂ#e%t a nore

preferenti al ypraduetyQncda Bh@fms and |:.h8@ﬁ{ala$m§n§| kenes of the range
havi ng 4-24 car bon atons an E}artlcul ar 6-10 carbon_ at ons.

Accof di gl y, the Br@s‘eﬁ?"l%\‘/‘@n%uﬁﬁ fﬂ"é’vf‘ St CoPRPSALions; as desqRiBedti on

conpfising above,- wheﬁilﬁlééﬂh anﬁhenﬁwﬁlcyfﬁdpbntéﬂlanyl radicals is
subsfi t ut ed- ts% e | j.rconium or
Qu e lsyp S&&ltuted by from g £ cargsrfl stbs, %tu\ﬁm:schnoge

haf nj um conpo cont ai ni n a Su
attached to oflefhm:«h dls antached to the meghl clthestarapainmbesfoff sabstitgenmid h a

catipn and being from 2 to 9, are particularly useful in the oligomerisation

20 or co-oligomerisation of ethene and other lower alkenes to higher
alkenes, in that they affect a more preferential production of the
linear alpha alkenes of the range having 4-24 carbon atoms and more

in particular 6-10 carbon atoms.

Accordingly, the present invention provides a catalyst
25 composition comprising
- a first component which is a substituted-bis(cyclopenta-
dienyl)titanium, zirconium or hafnium compound, also
containing a substituent which is attached to the metal and
which is capable of reacting with a cation and
30 - a second component which is a compound having a bulky and
labile anion which is substantially non-coordinating under the
reaction conditions and a cation,
characterized in that each of the two cyclopentadienyl radicals is

differently substituted by from 1 to 5 hydrocarbon substituents,




<

30 . - a second conponent which is a conpound having a bul ky and
| alg | e ani on which is substantially non-coordi nating under the

regetion conditions and a cati on, characterized in that each of the

t cycl opentadi enyl radicals is differently substituted by from1l to
5 drocar bon substituents, -3 -

- 3- none of which is attached to the netal, the total nunber of

subkt it uent sopeiefgwhigmia aeraghed to the metalpr ghertelshy numher todt al nunber of

subbt it uent $ubscfdu@it4 He@n - from 2 to 9. Mre preferably, one of the two
cyc] opentadienyl _radicals Is 5 nmono- substituted and the other
cycl opent adi eny| Ened8Fy . EheydAFal number of substityepgs is from 4 to 8

Preferably, iat lieast pafRrably,nond wE _c-:yﬁlc@ae@oadba{t)éhié@di eac}lf&als his

confaing at | east one suhstituent ich s _naot present on. the other

cyc ope%t adi“’«?ﬁ's"lfg“’f'bﬁﬁ?‘E‘é\"'le?1 i?fi the °twgrﬁ?'é’18%"t'§|a§}g?“y§’o H$RLi Bn PR be f or med
pripr to itsubsticutedtroduction to the reaction vessel, or it may be forned
inpitu o prerellily MENLLOR dleSOE REVEACS INGeHERhy] Hali fAA! VST
conposition in an ol gonerisation or co-oligonmefisation process, In
parjicul ar iaentainsoetskeasgronehsubgtdsuent whichils| norearesanshen dhkeoidsrls

having 4-24 GR15ancalddly10¥addlcb@oneri sation or co-oligonerisation of
et hgne gnd/or an_al pha al kene hayvi ng 3- 1% carbon atons. The
firgt ¢Brponent B f’ﬁ%a]é'étta?%%’f’st‘b‘r?gogﬁ PENEUFTEDRAIAY toits t he

I nventi on i Snfiredwitabh toa thopradtibnoedded , g@ndrtahay e nfdrated in situ.
(Cpjerr])[err] err .errl, 20 wher ei [err err] is a

bi s- cycl opent adi er?ylm%?rggﬁa Jplgfrpmigﬁs i%’e use °Pdélrg$e?aetna]tl%t substituted as
broadl y descwmpesitieneimipaf okigondtisgtion or co-gdigdmeshentdnnfpaeeshie igr oup of
titani um  zigcOnidmOfn NALRAULNSARCE the prefardtitn R 2ifed:dSTiHL Al KAes

di f eregt and selected from unsubstituted or substituted hydrocar byl
gr oyips 1> hy degyéne 4rds 2eprbonafiogghy, oligomerisatioprqiy gp xiigomeyisariomnd
Rlefr] are afkythdHeOufd ort ¥RiA1phk Yalkbnd Matidg 3010 carbo® ataadon_atoms, such

as et hyl . ._The hydrocarbopn substituents qn the cyc] opentadi enyl
Fadijcal $ e SETOCABIPeDt, oot TABH T EoRASAPLEN SGRORIOR, Bt ed of
the invention is preferably a compound of the general formula
(Cp™) MR R, .

20 wherein (Cp*)2 is a bis-cyclopentadienyl ligand pair which is
differently substituted as broadly described hereinbefore, M is a
metal chosen from the group of titanium, zirconium or hafnium and

R, and R2 are identical or different and selected from

1 .
. unsubstituted or substituted hydrocarbyl groups, hydrogen and

25 halogen.
Preferably, Rl and R2 are alkyl groups, typically of from 1 to
5 carbon atoms, such as methyl.
The hydrocarbon substituents on the cyclopentadienyl radicals
are preferably selected from the group of unsubstituted or
30 substituted alkyls having 1-10 carbon atoms, more preferably those
chosen from:
Methyl, ethyl, iso-propyl, tert-butyl, cyclohexyl, adamantyl,
phenyl, ortho-tolyl, para-tolyl, 2,5-dimethylphenyl, 2-tert-butyl-
phenyl, 2,5-di-tert-butylphenyl and mesityl.




30 substituted al kyls having 1-10 carbon atons, nore preferably those
chosdgn from Met hyl , ethyl, iso-propyl, tert-butyl, cycl ohexyl,
adamgntyl , phenyl , ortho-t ol yl, par a-tol yl, 2;5-di net hyl phenyt,
2-tergt-butyl - phenyl, 2,5-di-tert-butyl phenyl and nesityl.

-4- Preferred substituted bi % cycl opentadi enyl |ligand pairs
ar e: (pent anmet hyl cycl opent adi enyl ) (et hyl cycl opent adi enyl ),

( pentjarret hyl cycl oﬁféﬁﬁéfﬁ%ﬁw?‘(’&‘ﬁ% O E 1 BisdAPSRFrd gAY, 1igand Palrs are:

Epen amet Ey: o@ermhgmmybaz(daa@?mow&&ym&meafaﬁmawﬂ),, S

enfjanet cy.C a [ ent adj.e

(Bent anet hgl cgy;’ef‘open%‘ﬁ %‘% éf’gﬁ‘g%ﬁhéé Bﬁ? ﬂ%%

E pentfanmet Ey: d)pshgw#hmth)@riybér(adawm Yisprpkopdryealtipenyadienyl),
entjane

T e e %“E%P?ﬁ%’l‘”%ﬁ‘*pg'ﬁ*f%%%%a%g# 57 r

( pentjanet hyl @}epmbabm@ﬂypswamnlém@y ?’E}ﬁéﬁﬂeﬁheehﬂl)enyl)

(pentlanet hyl cypehepprhatiwny ér(:adEe:@mmeaa QQ&%?Q enyl),

el SR LR

di enyl ), and ((ppatmmmymylcayﬁémem@db mhb(m&ydnyehamehﬂ> 12 ]
uc

di en I) oPreferr s.are 2|rco

conpl _exes can pﬁtelgapmr‘%E ?aflcé'(f Lepentadiem] étl%ar ﬁ‘bﬂ'rlSﬁ%ien?e“tadlenﬂle)s'crl bed in
stry of(pe)lmhﬂm@npumaémy&la(mijmmhpbphﬁﬂvls:yclopentaldyemppert et
1986, p QkhEQM%Qh§WQyLQQ£EA@£h§aﬁY&)giuy%rt butylpﬁgﬁbﬁgygigséntgég9$§Ygd 20

The gecond conponent of “the cat al yst cogosmlon accord

i nvetion is ﬁFE?%‘P&BY’;FYzSﬁW?}‘rFFElw&BF% Réntegt- 'auvdapwy&ﬁmmenta-

ant gi ni ngba diktiy B, i h:y?] qbehmhﬁldgMow&ama{m Qﬁbsdﬁﬁg&ylcmgpéiﬂ:hl- on, g

t he ei ubst anI - coordi nati ng under

t he reacgl Jég@t i Sﬁ%&gﬁﬁ%&féa ricfm}"é" &#ﬁé‘ﬂn‘t hat . 25 t he ani on
shoulfd not coor diSwehegonpleaes |caaste (pcepa:hedafcar erimple by theemldtys to t he

bi s(gycl Opentd@g&?ﬁ’\éh) i O'thLm%ktyf gkéé&ezg.fc{o%&um and H IIPIQQ’,% é

bor of}- cont ai ni ng non- co nat i arrborane
ani on), suit abyLprear oy #e; eilr?lsén ryblished by J°htldf1#a}’a§= EPEH] CH err] .Such

carbdgranes arcaikiuuverarghg@ana be prepared by

20 . The second component of the catalyst composition according to

Q)

the invention is preferably an ionic combination of a bulky anion

containing a plurality of boron atoms and a proton-donating cation,

the anion being such that it is substantially non-coordinating
under the reaction conditions employed. Thus, it is intended that
25 the anion should not coordinate, or at least coordinate only
weakly, to the bis(cyclopentadienyl) metal entity of the first
component. The boron-containing non-coordinating anion is
preferably a carborane anion, suitably a carborane anion of the
formula BuCH12 .Such carborangs are known and can be prepared by
30 methods such as that of Shelly et al, J. Am. Chem. Soc. 107 (1985)
5955-5959. Other bulky boron containing anions may also be used,
such as a tetra(perfluorophenyl) boron anion. The proton-donating
cation is preferably a quaternary ammonium cation such as a trial-

kylammonium cation, for example tri-n-butylammonium cation.




80 § nethods such as that of Shelly et al, J. Am Chem Soc. 107 (1985)
595%-5959. Ot her bul ky boron contai ning anions may al so be used, such
as tetra(perfluorophenyl) boron anion. The proton-donating cation
is greferably a quaternary ammoni um cation such as a trial -

kyl dmmoni um cati on, for exanple tri-n-buttytamoni um cati on.

-5 Alternatively a cation may be used which is not proton-donating,
suclf as a netAdrerrativele agcaviosi bajebeiwied shich {9 insitenydtoar ARG

I on. such € aCﬁé@Jﬂécho%ﬁngﬁl bi ONWERYIRE bOTaTRE: ghenyiedBEnigget her
thel 5 two conponents, preferably in solution in a suitable solvent such

as tlol uene, dfPorobenzene, an al kane or an alkene, to forma |liquid

cat gl yst system THRech¥dlys@NPaipesi Sioar faydbeeformby WIRLOMRN cogether the
subgtantjal ly equi nol ar armu?r;é s,.al t.houcglh ek he .nol ar irtglt;i OsinJnQesu

firdt co#‘rpone‘i’i’f’ tYRPRE S c BRY EERPo BN T ey NV dy 2 Wit T A T R Fange of
from 0.1 to SmsOroBiemke, acljuapbérizgnef anhalkzaeady sn slkenemtosform a liguidl |y
enplioyed in t ' ' 7 t al ; 10 [err]
gr arh at ons, |Jr%%ﬁgf%c%¥$%rﬂ grf%érjnt%a([soé# ?T&I&E %Aﬁl %ﬁ?’]m%?aenﬁpgtg }_6erfds ,mof t he

net 4l per nolsubstansiielln eguimdareamaualys, although the mphar FlatyRd Adr Fast i on

readtion acCofidkP%duBohdit ithVidial EAbrRAEolRndRx may CAdrl @LtHAH! chel rBagch or
contli nuous oper at i on. The ol i gongrisatiof reaction.is

gendral 19, alath&Eh Ondtte 5-0- SysRed SHAPFLF ggrﬁtﬁee‘aa‘i?ﬁ?s? FYSRe® A&rt. 1i quid
whi ¢h s sui tdhbkyllefiployed intdhe sedceeoh mfierutehescedt abysﬁincﬁrqxorleh]f go The

reaction is I-7abl carrli an. < @ r
preferably i ﬁl"b![ hegrraé’natéomosf’ 20 parg ?u(;&%EZ%'Iotmoﬁ]%?S%FZ{rf] C,Egﬁgé%#eg grtgt‘)el y at
50 to 150 [emet€l pEivemekmefi okefiip to be reasgpdably carried out under

condi tions of NMOAHALE) YonkelrSYABH reaction REESLNE, tPtRE SfrARhYidd) chi®er ange
of from 100 to 10000 kPa, nore preferably from500 to 6000 kPa. The

opt i muntTonditarEhed Gut in batch orpeenfigpens, ARETAE8R8ure used in a particul ar

reaction system ithe2%ligomi@edriba rautcicidsdst feneyatlyl althidughdssi red |inear
he art,

but Tt has baesserilyy SHAIERALCCHR A, PR CITRECTRER 70 90°Ta! Ft¥n
bet ween 4000-#2306oluéat for tharaatplydti cuhpmmentsdThetwzegedieon iin stiitgblespect
W ththe Cataéé@%&ed out at an elevated temperature, preferably in the range of
20 from 20 to 175 °C, more preferably at 50 to 150 °C. The reaction is
suitably carried out under conditions of moderately elevated
pressure, preferably in the range of from 100 to 10000 kPa, more
preferably from 500 to 6000 kPa. The optimum conditions of
temperature and pressure used in a particular reaction system in
25 order to maximise the yield of the desired linear alpha alkenes can
be readily established by those skilled in the art, but it has been
found that conditions of between 70-90 °C and between 4000-6000 kPa
% are particularly advantageous in this respect with the catalyst
systems of the present invention.
§ 30 The starting reactants may be supplied to the reactor together
' with an inert diluent, such as nitrogen or helium when the reactant
is gaseous, and a liquid solvent, e.g. the same solvent as that of
the catalyst components, when the reactant is in the liquid form.
The reaction is preferably carried out in the absence of air

35 or moisture.



syste of the present invention. 30 The starting reactants may be

suppl'ifed to the reactor together with an inert diluent, such as
nitrodgen or helium when the reactant i s gaseous, and a liquid

sol verg, e.g. the same solvent as that of - t he catal yst conponents,
when tghe reactant is in the liquid form 6 - The reaction is
preferfably carried out in the absence of air 35 or noi sture.

- 6- Réamﬁi@n timsomfrbm dmminytengb &5 houbs lhaue deavioundero f ound
to be St bk an ACRENMNNGE OB BHC JBEHiEy %et&ecasg%@' sySlesYghem and -
on thdg reaction condltlons ter a suitable’reaction

converti onal ekttheyksacgder Gopatiieys ag“éﬁ?rsﬁjéﬁlﬁ@l\ﬁfa%%ﬁ“lﬂ%t%aﬁola 5 or

anot hgqr al cohgdnvefiBjoriad a&&mslst fded@swae@ng Qgteh@ SuBRCAd QBedd Xhbftnol, 1N
order fto term nate the the reaction _can

| on t1
ol o] DS Cer i AEPEEID g LEHe L B8 CHIBH Hf dafpred To ' he Tedctifs mixbitot
m xed jal kenesimrozrdpr afockteniinaké ythei nemtionh plAdternativellyk etles rbasding archai n
| engt vvithint . ops, of which those
havi nd bet weeh n@%gn%p%gng%} %%%gféﬁ%%{n%??%%&mn & 3ﬂ€fi n are particularly
preferred. They nihe [product atiked mdkenasr ave preferentiagfilyt Lihemri gkrband

separ gtion teQiHHnQE%JiHQV!‘ chBid ﬁ%nééﬂ w1th1n thd fraﬁ@é'erg /RGOt LhH ed
startijng material and goneri c produc havi ng_a nol ecul ar wei ght

out si de t%e dé%‘?“’ised°?rﬂﬂhé%lfé‘l°s‘é\é13§h’t‘g rP&;‘}"’i?S‘ 6 a’t?eWe‘é""cﬁ‘?@Pe*cP“‘ﬁr‘d’cé&%ed i f
necesgary andcmaﬁe;ysi-ee@at:eldiﬂaids}etiraSerred THelyandy Be §IﬂIt&Bl}a|ret6\re&ed by

subseduent ol i, go i sation, reacti The ent | on wll be .
further ill us?%attngiawnt Ad fon%%lﬁn techniques kns wé‘sm he *xanples 1 to 7
20 Thef meet:ee:mr gscmleet@atsnammumamrml reing oeldigemends| psidentof

Oxygen and an\ 01| 5 € molecular welﬁt é‘%&’s’ihe'éﬁl%ééu%ﬁﬁ‘ol@é&?&r @gﬁé may of (Cp

di ssoliving in't ene, Conponent, in
[err] | whereibe meresvered p&qqeea?ﬂ ) neeESEarERd ey kad te (e yoed @S 25 in

corrpar ative Eg@gmllgg Jmacbtﬁalpaat@rmbbydﬁyxelaagaﬁadtseaydn reactioni N
corrpar ative Exarrp'rhe Zinvgixtslorrr!egn 1 %XC;L. ORES taiq.lltexgt}lrated by the follow:.ng
! examples.

Examples 1 to 7

20 The procedures were carried out with rigorous exclusion of
oxygen and moisture.
Catalyst liqours were prepared by dissolv1ng in toluene, as
First Component, in 30 ml, 0.25 mmol of (Cp ) 9 wherein M is
zirconium, R2 is dimethyl and (Cp )2 is:
25 in comparative Example 1: bis-pentamethylcyclopentadienyl;
in comparative Example 2: bis-methylcyclopentadienyl;
in comparative Example 3: bis-iso-propylcyclopentadienyl;
in comparative Example 4: bis-tert-butylcyclopentadienylﬁ
in Example 5: (pentamethylcyclopentadienyl)(methylcyclopenta-
30 dienyl); '
in Example 6: (pentamethylcyclopentadienyl)(iso-propylcyclopenta-
dienyl);
in Example 7: (pentamethylcyclopentadienyl)(tert-butylcyclopeta-

dienyl);
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nparative Exanple 3: bis-iso-propylcycl opentadienyl ; in

arative Exanple 4: bis-tert-butyl cycl opentadi enyl ; in Exanpl e 5:
anet hyl cycl opent-adi enyl ) (net hyl cycl openta- 30 di enyl); ~in
l e 6: (pentanethyl cycl opent adi enyl) (i so-propyl cycl opent a-

yl); in Exanple 7: ' -7 -

t amet hyl cycl opent adi enyl ) (tert-butyl cycl opeta-_ di enyl);

. aane a8 BeeoddCampppententin 0ndlroipy all fashy 0c03 @@eb 5 ol of
rr]NHB [sy mkﬁ*{]cﬁi r'] ¢ €dil-b=Budpihntlonit® Ni-Wartlede as agocear bor at e) .
Second Corfponkht.18f the catalytic, conposition was.fjrst " added to
utocl ave of 50 S§Fon¢ c5:1°f“E’)\’/5lae(’j‘':b‘§/g 5%5%??%?%&??@ sition was fiFsbe with
ne to 104diekdPeo aandutwedbieipft BOO@L] efal]l@red by pressurisiSgbgequent!|y, the
tiop was_started Ln h ' egd @f the catalytic
osi fi on.a"sﬁoé:ggﬁer é’qﬁzedt?r‘ﬁf‘%tégi %%d? {5?;' and hefgg?ck%a%u(r&i'ng the reaction
onti nuously Fekdemugnely.othe gractkon was stagheqebp adding the Firstatr the end

he (predglfloRlRee EEACLhEOR chk NEmpbliftioRaCireSbure was mi@fcdBiel st ed by
r injection. The product di'stribution was determn

. A A d by
liqui d cHnkPagluxpng the reaction by qeprinwonsly Befchéf$ﬂé1$e°€cﬁ?§'aw§‘di during
reacti onetHeld@. anount s of CJerr], (err]-Cerr] and (Jerr]
i ng.produced, _and th % di strihution.15 .of .al pha; eta: and
38 hexene éyr-eél@ \78% o}@f_]gﬁeaépée e_ erm:.ned} reaction t"ilmg, %hé peac%mria
was terminated by water injection. The product distribution was

determined by gas-liquid chromatography.
The amount of ethene consumed during the reaction, the amounts

of Ch, C6-Clo and C12+

15 of alpha-, beta- and branched hexene are given in Table 1.

olefins produced, and the wt$ distribution



8_

1
(min)
Et he
25
22. 4
3.8
1.1

Di str
61. 2
36.6
0.7

TABLE 1 Exanpl e
2 3 4 5 6 7 Reaction tinme
3 103 70 150 25 26° - 20
consuned (9) ' 25 25 25 25 25
25 Product (errr] -ddefin (g) . 0.9 2.0 4.0
2.2 6.0 17.8 Product (err] olefins (9g)
7.0 10. 8 2.6 7.5 IABLERRl 7.1 hexene (qQ)
2.3 4.1 = 2.4 2.5 5.3 5. 3 Product (err]
ol efijns (Q) 20. 3 16.0 10. 2 0.0 15. 3 6.6 0.1
i buti on Bfample  hexened (wt % 3 1-Hexene 3 81.8 757.9
44. 3 966 Q5.9 891 2--hexense 1 /6384
15.4 3.0 3.2 1.9 _ 2- et hyl - 1- but ene
0.7 Reacyign timgg 3 0.4 0.9 9.0 Exanpl es 8 to

10
exceq
or O.
wher €i

(Wia) pr ocedur e3was 10Be san®d as tim of Efanpl@s 1 ta@o7,

|ncd

t at 5 as First Component, 1 mmol (Exanple 8 and 9)
25 mol %anb c':’“s“““f%xanple 10) of (Cp[err])[err]M err] was used,
in Mis hafglium R err]25 2} s di nd hyl éﬁd(Cﬁ5)[er2P2|s
nparati ve.Jaxappt e 8: bis- pentanethylcyclopentadlenyl . I n

conparatlve Exanple % bis-tert- butylcyclopentadlenyl in
Exanpl e 10: (petedi®t$) cycl 8pent adi®nyl )t t%r t -Hufyl cylrd- 18:0 178
pet adi enyl ) ; product c as Second Conponent, 1 mmol (Exanple 8 and 9) or

0.1 nmol anpl 0) of ., Bu[etr] NHB[.err] CHLegr]
(iri-n-butyl andthehins (€ <é§ §.40) 9To Bul ggrg NHBl£Y 76Tl 125 7.1
hexene (g) 1.1 2.3 4.1 2.4 2.5 5.3 5.3
Product C12+
olefins (g) 20.3 16.0 10.2 0.0 15.3 6.6 0.1

Distribution of

hexenes (wt$)

l-hexene 81.8 57.9 61.2 44.3 96.6 95.9 89.1
2-hexene 17.6 39.4 36.6 15.4 3.0 3.2 1.9
2-ethyl- _ '

1-butene 0.7 2.7 2.2 40.3 0.4 0.9 9.0

Examples 8 to 10

The procedure was the same as that of Examples 1 to 7, except
that,
- as First Component, 1 mmol (Example 8 and 9) or 0.25 mmol
5 (Example 10) of (Cp*) MR was used, wherein M is hafnium, R2
is dimethyl and (Cp )2 is:
in comparative Example 8: bis-pentamethylcyclopentadienyl;
in comparative Example 9: bis-tert-butylcyclopentadienyl;
in Example 10: (pentamethylcyclopentadienyl)(tert-butylcyclo-
10 petadienyl); '
- as Second Component, 1 mmol (Example 8 and 9) or 0.1 mmol

(Example 19) of Bu3NHBIICH12 (tri-n-butylammonium




- 9- ! 1- car badodecacar borate) was used; and the total anount of

tol uege solvent in the autoclave was 270 mi (Exanple 8 and 9) or
70 nl /(Exanple 10). The ampunt of ethene consumed during the
reaction, the anmounts 5 of CJerr], (err]-Clerr] and (Jerr] olefins
produced, and the wt % di stri bution - 9of al pha-, beta- and branched
hexene are given in Table 2. TABLE
2 _ Exanplel-carbadodecacarborace) was usedgand the total amgunt of

10 ReaCt'éyluEhénéoﬁULﬁg in the autoclave was 270 ml (Exampfg)s and 9)

30 Et hene consuned 40 76 30
Product CJerr] d%efP nmkg()g-xample 103. 1.6 72.2 23. 4

Product Cerr] 10rtel ahéwrt 0f)ethene consuned/during the rea&tidn, the amounts 6.5

g[eérep]e %I of ioﬁseg)g)cs-clo aé‘%%u olefins pro%u%ed, and the wt% gi%tnbutlonpr oduct
Di stri buti on off abhgheenebet(ast §4d branched hexene arp géwemdn Table 2. ) 23.6
22.6 76. 2 2- hexene 75.9
2.4 0.8 2-ethyl -1 -butene 0.5
75.0 23.0 Exanplegéﬂé_go 13 The procedure

was the sane .as—that of conperative Exanples—1l——and—2—and—bxanple 5,

respectively,_ except that the First and SQecond 10 9C‘onponents 6 t he
cat al yst congd@™P}on where dissolved in and 60 ml of to?uene
respecti vel y -anrg—that—together—wth—the—Second Comporment5—210 mmol
of 1-pentene %gtﬂgpggﬁg &ﬁa)reactlng W th the jo€t hene) wasshnj ected
into the autocC
Ethene consumed (g) 40 76 30
Product C4 olefin (g) .6 '72.2 23.4
Product C6-1O olefins (g) 6.7 .3 6.5
hexene (g) .0 .2 .3
Product C12+ olefins (g) . 31.7 .5 .1
Distribution of hexenes (wt%)
1-hexene 23.6 22.6 76.2
2-hexene 75.9 2.4 0
2-ethyl-1-butene 0.5 75.0 23.0

Exampleé 11 to 13

The procedure was the same as that of comperative Examples 1
and 2 and Example 5, respectivély, except that the First and Second
10 Components of the catalyst composition where dissolved in 15 and
60 ml of toluene respectively and that, together with the Second
Component, 210 mmol of l-pentene (co-monomer for reacting with the
ethene) was injected into the autoclave.
The amount of ethene consumed during the reaction, the amounts
15 of CA’ CG+8+10' C7+9+11 and C12+ olefins produced, and the wt$
distribution of alpha-, beta- and branched hexene and heptene are

given in Table 3.



The afount of ethene consuned duri ng the reaction, the anounts 15
of CJdgrr], (err]' (err], and (err] olefins produced, and the w%
distritbuti on of al pha-, beta- and branched hexene and heptene are

given in Table 3. 10 -
TABLE 3 Exanpl e - 10 - 11 12
13 Reaction tinme (mn) 4 150 38
Et hene consuned (Q) TABLIED 3 25 25
Product C4 olefin (g) 0.2 0.8 2.5
Product (er rg olefins (Q) 0.8 2.9 7.5
hexene xam 0.2 1. 31 21% PBoduct
Cerr] ol efi ns—~g— 4.5 27 3-8
hept ene . , 1.4 1.0 4 Pr oduct
Clerr] ol efi n%eac(c?%ﬁ time (min) 24.5 21. 6% 1%5% BPstri bution
of hexenes (VvEtHene consumed (g)hexene . 25 25 a%.8
60. 3 96. -h ne 10. 38.9
2.7 Pq"é’-déf%yclt» Plefirots 02 oo 08 Ofs 35
Di stribution RfodheptRpues, wiedins (g) 1- hept @n& 2.9 7.5
86. 3 57.6 e y-heptene - ¢ 1.0 2.6 13. 4
31.6 2.7 hyl-i pent ene 0. 10. 8
4.2 Pr““"?r‘bnrg;ﬁe%e%nﬁ@es it is app4rant, that catal yst
conposi tions aGepEehdg to theg) nvention, whem used 1@ the 1.4
ol i gomerisatipn of, C,, olefins  (g) 2.5 21.6 15.2
Distribution of hexenes (wt%)
l-hexene 89.8 60.3 . 96.9
2-hexene 10.2 38.9 2.7
2-ethyl-1-butene : 0.0 0.8 0.4
Distribution of heptenes (wt$%) '
1-heptene _ 86.3 57.6 93.1
2-heptene . 13.4 31.6 2.7
2-ethyl-1l-pentene . 0.3 10.8 4.2

From these Examples it is aﬁparent, that catalyst compositions
according to the invention, when used in the oligomerisation of
ethene (Examples 5-7 and 10) and in the co-oligomerisation of
ethene and pentene (Example 13), have the advantage above

5 comparative catalyst compositions of promoting the selectivity of

the reaction towards linear alpha-olefin reaction products.



et he~n' (Exanpl es 5-7 and 10) and in the co-oligonerisation of
tene (Exanple 13) have t he advantage above 5 conparative

and p

et hene

cat al yist conposi t i.ons—ef- “pr onot i ng the selectivity of the reaction

T 1833

towards |inear al pha-o ction products. _
‘“ﬂUM‘\j!ﬁL “ 1“!& -11-CLAI MS 1.

catal yst corrpo\s\‘ \ Issimg a first conponent which is a

substi t ut ed- bi s(‘cycl opent adi enyl) titanium zirconium or hafniuf 1833

conpound, al so containing a substituent which is attached to the

metal and which is capable of reacting with a cation and a second 5

conponent which is a conpound havi ng Galbhlk¥ $ind | abi |l e ani on which

Ls substantially non-coordinating under the reaction conditions and
chartﬁit erized in that each of the two c%lcl open tad| enyl

a cation,
radicals is

e fOMpeThet iCHPEFIBg ¥ FORTY °PBP ichr bort

substituents sub@ucumnmo(fcymm;@hta&eam)m:lieﬁhitm t hixrcoriuad prttkhﬁfntmﬁ aI

nunber of

conposi tion aceerar ng

§Udet| UentO%tQPI n {i.tugngdlhich is attatcﬁ tal
C ar acteril ze

two cycl opentmetiadngnd thq:fca-lsscaip@bﬂmmf- veanting wigl a catiompidtheseodirkr

cycl opend adi

e&%'poﬁ@tﬁ:' GREcH SsPg %ﬂp%ﬁé\‘%eg bu:i:ﬁy and31abill Qt?itogll

conposi tion according to claim1l
one of the tv EyesEREheLLH é‘ﬂ?1°°°rdmat1?%dl¥‘€%‘l' $he orpasthen gengiddons And

substituent whicabiés, not present on t he ot her cycl opent adi enyl

radi cal

1°5, 20 crlPERETIRER Y SRR SeRE T PP e CAREIT At DR e ot € o

conpound of tdﬂffgggn;ialsﬁh;tugt@pd by from 1 to 5 hydrocarbon substituents,

10

15

20

25

30

none of which is attached to the metal, the total number of
substituents being from 2 to 9.

2. A catalyst composition according to claim 1, characterized in
that one of the two cyclopentadienyl radicals is mono-substituted
and the other cyclopentadienyl radical is penta-substituted.

3. A catalyst composition according to claim 1 or 2,
characterized in that least one of the two cyclopentadienyl
radicals contains at least one substituent which is not present on
the other cyclopentadienyl radical.

4. A catalyst composition according to any one of claims 1-3,
characterized in that the first component of the catalyst is a
compound of the general formula

(Cp) MR R,

wherein (Cp )2 is a bis-cyclopentadienyl ligand pair which is
differently substituted as broadly described hereinbefore, M is a
metal chosen from the group of titanium, zirconium or hafnium and
Rl and R2 are two identical or different groups selected from
unsubstituted or substituted hydrocarbyl groups, alkyloxy groups,
hydrogen or halogen.

5. A catalyst composition according to claim 4, characterized in

that R, and R, are unsubstituted alkyl groups of from 1 to 5 carbon

1
atoms.

A

a one of t he

characterized in that Ieast

¢



(.Cp)[gerr] MR err]Rerr] wherein (Cp)[erx—]—‘i—s‘mtadienyl_
| i gaid pair which is - differently substitut m\“\lﬁ ri bed
her ei nbefore, Mis a 25 metal chosen fromt hee\mwm“ i

zi rconi um or haf ni um and Rlerr]Jand R err] wo- | denfical or

di fferent groups selected from unsbibstituted or substituted

hydrocar byl groups, alkyloxy groups, - . hydrogen or hal ogen. 5. A
cat al yst conpbsi t AoIRtAEEDE diomgesicien Achprdinghts £V ez 88 ¢131m9 1-5.t hat

RIerr] and Rigdralcerdz8d Uits Rt | dndt Blirdbidton0s @RS c@fnckl &Mehet 0 5 gar bzn
at ons. . 6.

. . - 12 -
catal yst conp®&ElePERFadienydiragitadsatse Ghessdy FEPLithe grogp of:
char act er i zedunsubkbidutieBeoh wdboriaubed aluphd ot Ul Kvihpel-10 carbon

cycl opent.adi enyl radi cal re_chos from t.he.gro f: A nsubsti tuted
or subst}st ut eﬁél°515ky?r53%%F§?atﬁy §°'ﬁé“\??{r‘1?§1'19 lda%%ooﬁ#g%ﬁ’ t%’ftor?‘sf,t}ipir ef erably
from net hyl, etdiphexylsoagemmyyl. tphetylbupytho-tolyl, pgwd-ghbydsl , adamantyl,

phenyl, Ortljo%t§%?¥hetﬂy§5ﬁéﬁfihybdtert-but Zpﬁ%d;hﬂf?szhfﬂﬁiﬁég?%%g}phenyl an%7

2-tert-butyl phenyl, 27°5-di-tert-butyl phenyl “an

cat al yst conp®esit¥bn according to any one of claims 1-6, 10
characterizedz7in hhadcallher sdshpbd fribh hdebBdingC kOt ol @BYd1dingand,
pair i hosen fromthe

f. : 5 .
(pent andPhy! CSRATIRERTLER ot Iy PIRFEL A Bt glgpentadienyl Ligana
(pent anet hyl cygiropenttadies nfdo( eiehgkeye lofpent adi enyl ),
t t hyl I ' | )L.(LsQ- I | ' 15
(pent anot iyl oVETSRBRNE L ENaek bt 28Ry DR DT R Y g%
( pent anet hyl cmweﬁ!fardhmlﬁp)e(lé%ﬂeeﬂbbgﬂtbiyﬁysg@ﬁ“&a%ﬁwﬂ ;
(pent anet hyl cygd Rag0ERAGOVdpehasam iydieu%&wmﬁdbf&wahienyn ,

ent anet_hyl cycl t.adi I h ' I t ad , .
(Pent angthyl cYeAmaBn FERABR BT ey LA Ry oIcs JerrL BB g 37 Lo

(pent amet hy| cygdmranetiadicgeydpeapadiany D) (tyeYsHeapbiycidpentpdienyl)

(pentanet hyl cyel oRenbadi S¥dpehea e IFuh ARSI CgLaRRL AN MY )
(pentamethylcyclopentadienyl) (phenylcyclopentadienyl),
(pentamethylcyclopentadienyl)(ortho-tolylcyclopentadienyl),

20 (pentamethylcyclopentadienyl) (para-tolylcyclopentadienyl),
(pentamethylcyclopentadienyl) (2,5-dimethylphenylcyclopentadienyl),
(pentamethylcyclopentadienyl) (2-tert-butylphenylcyclopentadienyl);

. (pentamethylcyclopentadienyl) (2,5-di-tert-butylphenylcyclopenta-
dienyl), and (pentamethylcyclopentadienyl)(mesitylcyclopenta-

25 dienyl).

8. A catalyst composition according to any one of claims 1-7,
characterized in that the second component of the catalyst is a
ionic comﬁination of a bulky anion containing a plurality of boron
atoms which is substantially non-coordinating under the reaction

30 conditions employed, with a cation.

9. A catalyst composition according to claim 8, characterized in
that the boron-containing nonicoordinating anion is a carborane
anion.

10. A catalyst composition according to claim 9, characterized fﬁ

35 that the carborane anion is of the formula 311CH12-:



(.peﬁt agt hyl cycl opent adi enyl ) (2-tert - but yl phenyteyctopentadi enyl T,
(pentandt hyl cycl opent adi enyl ) (2, 5-di -tert-butyl

di.enyl ), and (pentanethyl cycl opent adi enyl ) (nesi pgmﬁ aﬂﬂg
di enyl) . 8. A catal yst conposition accord W one of cl ains
1-7, characterized in that the secesad conponent of the catalyst is a
ionic conbination of a bul ky anion containing a plurality of boron

atonms whi ch i$1sulastam1jyatlQbmpomrmﬁraﬁdbauimtumr 6mé1@frem1misom-1:eo

condi tions omplanede: Mo 2 G3E! G cation 1s % pfofill BhainE GlRESL LI O
according to Cclaim haracteri zed | n n contai ni ng
non- coor di nat LAg Ancaraliyst camapbibrianeaccording §p gaim 11 cluracAecmealySt

conposi tion aggyy Qh@gﬁuto%ﬁl&ddzt?n chRIArtierd 4adedhady ammoh\@f chfincar borane
anion is of the for (§—|err

err
- 13- 5 13 A ea‘%aa}w;sg a“&aﬁﬁ’dﬁ FPO?PYaE%I"Jl tpimg &l otherartenizpds
8-10, chqaa&{aeruzéa@at{b,{ hatatémvsﬁtuoﬁn is a proton-donating cation.
12. A catal ysg co osition acgcord g totc ai mi.i %haracterize in
that the protofi:d §t? § E&d ﬁtlc‘m O UAPR HaF P IR AW RS 8R. 5 13, A
cat al yst accont:mlaing LelAarin anrooés< |far nthe8padparetinmaof erineex| alpha in that
the cation is LV n ogposi tion as
claimed in anyﬁ(c)%{ §£vm% “ %4 carb]o% ?Lg&&ngg %rl g’*ee?sﬁ?%lr&t e preparation of
linear alWha co-oligpresicstienicfgethens anYy/poramaetrhe BYkIe BoTi@ei 420 on or 10
co-ol i goneri sakivyn Qfott hene and/ or an al pha al kene having 3-10 car bon
at ons.
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ABSTRACT

CATALYST COMPOSITION FOR ALKELENE OLIGOMERISATION
AND CO-OLIGOMERISATION

A catalyst composition comprising a first component which is a
substituted-bis(cyclopentadienyl) titanium, zirconium or hafnium
compound, also containing a substituent which is attached to the
metal and which is capable of reacting with a cation and a second
component which is a compound having a bulky and labile anion which
is substantially non-coordinating under .the reaction conditions and
a cation, wherein each of the two cyclopentadienyl radicals is
differently substituted by from 1 to 5 hydrocarbon substituents,
none of which is attached to the metal, the total number of

substituents being from 2 to 9.
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